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We present the results based on multiwavelength imaging observations of the prominent dust 
lane starburst galaxy NGC 1482 aimed to investigate the extinction properties of dust existing 



o 

u. 

(-H \ in the extreme environment. (B-V) colour-index map derived for the starburst galaxy NGC 

1482 confirms two prominent dust lanes running along its optical major axis and are found to 
extend up to ~ llkpc. In addition to the main lanes, several filamentary structures of dust 
^ • originating from the central starburst are also evident. Though, the dust is surrounded by 



exotic environment, the average extinction curve derived for this target galaxy is compatible 
with the Galactic curve, with i?v'=3.05, and imply that the dust grains responsible for the 



> 

. optical extinction in the target galaxy are not really different than the canonical grains in 

<N 
(N. 

. of dust is ~ 2.7 X 10^ and provide lower limit due to the fact that our method is not 

sensitive to the intermix component of dust. Comparison of the observed dust in the galaxy 
with that supplied by the SNe to the ISM, imply that this supply is not sufficient to account 

XI 

^ \ for the observed dust and hence point towards the origin of dust in this galaxy through a 

! 

merger like event. 

Our multiband imaging analysis reveals a qualitative physical correspondence between 
the morphologies of the dust and Ha emission lines as well as diffuse X-ray emission in 
this galaxy. Spatially resolved spectral analysis of the hot gas along outfiows exhibit a 
gradient in the temperature. Similar gradient was also noticed in the measured values of 
metallicity, indicating that the gas in the halo is not yet enriched. High resolution, 2-8 keV 
Chandra image reveals a pair of point sources in the nuclear region with their luminosities 



'Corresponding author 
Email address: patil@iucaa. ernet . in (M.K. Patil^) 



Accepted in New Astronomy 



February 14, 2012 



equal to 2.27 x 10 erg s~ and 9.34x10 erg s~ , and are in excess of the Eddington-limit of 
1.5M0 accreting source. Spectral analysis of these sources exhibit an absorbed-power law with 
the the hydrogen column density higher than that derived from the optical measurements. 
Keywords: Galaxies: starburst -Galaxies: NGC 1482 - Galaxies: ISM - ISM : dust, 
extinction- X-rays: galaxies 



1. Introduction 

Dust is a crucial component of the interstellar matter (ISM). It provides site for interstellar 
chemistry and also regulates the thermal balance in various phases of the ISM. It also provides 
shielding for the dense clouds and hence critically influence the star formation processes. The 
characteristics of interstellar dust strongly depend on the balance between its formation and 
destruction, and on the processing of dust grains in the ISM. In the starburst galaxies, where 
active star formation is taking place, dust grains are not only produced and ejected from stars 
but are also processed in the ISM. During their starburst phase, the supernova rate (SNe) 
are enhanced, and hence the hot gas swept up by the reverse and forward shocks pro pagating 
within SNe can efficiently destroy the dust grains of larger size (> 0.1 ^m) ( 2l|, 26|]). Thus, 
the fate of dust grains in the starburst galaxies is highly uncertain. 

Extinction curves, wavelength dependent nature of scattering and absorption of stellar 
light by dust grains, in optical/UV regime are the prime diagnostic tool to investigate dust 
properties in the extragalactic environment. They sensitively depend on the composition of 
dust grains and hence will allow us to estimate the nature as well as origin of dust grains in 
the external galaxies. Furthermore, to constrain the star formation activities, it is important 
to accurately determine the amount of dust as well as wavelength dependent nature of dust 
extinction in this class of galaxies. Though, interstellar dust is an important component, the 
effective dust extinction of the incident radiation is one of the least understood phenomenon in 
the extragalactic environment. The difficulties involved in understanding the dust extinction 
are due to the lack of the knowledge of (i) physical properties of the grains and (ii) their 
spatial distribution in the external galaxies ([S])- Given the spatial distribution of dust, 
mapped through high resolution multiband data, the foreground dust screen model proposed 
by [2] can be used to derive the extinction law. 

Starburst galaxies while passing through the intense star formation in the central region 
show enhanced supernova rate. Ejecta from these supernovae combine with the winds and the 
material ejected from the massive stars in the surrounding area and result in to the expanding 



Table 1: Global parameters of NGC 1482 



Parameter 



Value 



Alternate names 

RA & DEC (J2000.0) 
Morph Type 

Mb 
Size 

Distance(Mpc) 
Redsliift(z) 

Radial Velocity (km s^^) 
IRAS flux density (Jy) 

SEST flux density (mJy) 



ESQ 549-33; IRAS03524-2038; 

MCG-3-10-54; PGC 14084 

03:54:38.9; -20:30:09 

SA0+ pec 

13.10 

-22.2 

2'.54xl'.4 

27.37 {Ho = 70 km s-^Mpc"!) 

0.0064 

1916±39 

1.55±0.02 (12/im); 4.73±0.05 (25/im); 
35.33±0.06 (60^m); 45.32±0.05 (lOO^m) 
143±15.7 (1300//m) 



super-bubbles around the super star clusters jl5|. Present day observing facilities in the X- 
ray domain i.e., Chandra, XMM-Newton and Suzaku, have provided the best mean to study 



the spatial 



distribution, temperature and metallicity of hot gas along these outflows (j35l|. 



36l |. I31I . 4o| . {30I). X-ray observations of starburst galaxies have also confirmed extended 



halo of soft X-ray around majority of the starburst galaxies (e.g., [36| and references therein). 
In edge-on starburst galaxies, diffuse X-ray emission is traced many kiloparsecs out into the 
galactic halo and is believed to be the manifestation of the "feedback" from starbursts. Short- 
lived massive stars in the starburst inject kinetic energy as well as metal enriched gas into 



IJl- 



their surroundings through the stellar winds and supernovae in the form of "superwind 

In this paper we report on the extinction properties of interstellar dust in the starburst 
galaxy NGC 1482 and also on the association of dust with other phases of ISM. This galaxy 
has been detected in the IRAS Survey, with 60 fim and 100 /xm flux densities equal to 
35.33±0.06 Jy and 45.32zb0.05 Jy, respectively. The larger value of Sgo/im/'S'ioo/im ~ 0.77 are 
indicative of its starburst activity [35]. This galaxy is defined as IR warm due to the higher 
value of dust grain temperature {T^ = 44 K) [42] and is relatively larger than observed in 
normal galaxies. This is IR bright galaxy with log(L//j/L0) = 10.5 |34], rich in molecular 
gas and dust [42] and shows signatures of vigorous star formation [39]. On the basis of 
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Figure 1: 0.3-8 keV raw Chandra ACIS-S3 image of NGC 1482 at full resolution of 0."49/pixel. X-ray absorp- 
tion due to dust grains along optical major axis is evident in this figure 



the prominent dust lane oriented along its optical major axis, this galaxy is classified as 
peculiar galaxy in the Third Reference Catalogue of Bright Galaxies [7]. In the emission 
Une su™, of ea.ly-type sp.^ g^.x.s Q, have investigated the presence of hl.nents & 
chimneys of ionised gas extending along minor axis of this galaxy [14] . On the basis of 
emission line imaging analysis [4lj] have demonstrated the presence of remarkable hour glass- 
emission line outflow from nuclear region of this galaxy. The soft X-ray image 



shaped optica 

presented by 36(; 35|] also exhibits bipolar emission along minor axis associating with the 
optical hour glass-shaped structure. Using the multi-frequency radio observations [19] have 
reported detection of continuum emission from the central region of this galaxy. Thus, NGC 
1482 hosts multiphase ISM and is a potential candidate for the multiwavelength study. Global 
parameters of NGC 1482 are given in Table [TJ 

The paper is structured as follows. In Section 2 we describe the multiband imaging 
observations and its reduction process. In section 3 we describe the morphology, extinction 
properties of dust and its content in NGC 1482. In this section we also describe the X-ray 
emission properties of NGC 1482. Section 4 describes our results derived from the present 
work and multiphase association of ISM in the target galaxy. Finally we summarise our 
results in Section 5. 
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2. Observations and data reduction 

2.1. Optical data 

Deep CCD images on the program galaxy NGC 1482 were obtained using the 2.0 m Optical 
Telescope of lUCAA Girawali Observatory (IGO), Pune, India, during February 2010. These 
observations were performed through the broad-band filters B, V, R, I as well as narrow band 
filter centred on the Ha emission using the EEV 2kx2k thinned, back illuminated lUCAA 
Faint Object Spectrograph CCD Camera (IFOSC). This CCD provides an effective FOV of 
~ 10. '5 X 10. '5 on the sky corresponding to a plate scale of 0."3/pixel. The seeing was 1".5 in B 
band and 1".2 in V band and the observations were performed under photometric conditions. 
Exposure times in different pass bands were 3000 s(B), 3000s (V), 2400s (R), 1800s (I) and 
4500 s(Hq) and were usually split into 3 to 5 separate exposures. In addition to the science 
frames, for calibration purpose, several twilight sky flats in each filter and zero exposure bias 
frames were also taken during this observing run. 

These observations were reduced using standard tasks, such as bias subtraction, flat field- 
ing, etc. available within the Image Reduction and Analysis Facility (IRAF) software. Mul- 
tiple frames taken in each passband were geometrically aligned to an accuracy better than 
one tenth of a pixel using the centroids of the common stars in the science frames and were 
then co-added to improve the signal-to-noise ratio. Sky background estimation was carried 
out using the box method [33] and was then subtracted from the respective passband image. 

Reduction of narrow band images centred on Ha emission from NGC 1482 were done in 
the usual manner as discussed in [29] and using the tasks available within IRAF. 

2.2. X-ray data 

With an objective of studying association of dust and ionised gas with the hot. X-ray 
emitting gas in this galaxy, we have used the high resolution X-ray data on NGC 1482 
available in the archive of Chandra X-ray observatory. NGC 1482 was observed by Chandra 
(Obs. ID 2923) with the ACIS-S3 detector on the Chandra X-ray Observatory for an effective 
exposure time of 28.56 ks. Figure [T] shows the broadband (0.3-10 keV) Chandra raw image 
of NGC 1482. From this figure it is clear that the X-ray structure of NGC 1482 is rather 
complex with a bright nuclear region and extended diffuse X-ray emission. Absorption of 
X-ray photons along the dust lane is also evident in this figure. The data were reprocessed 
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Figure 2: {left panel) (B-V) colour-index map derived for NGC 1482. This figure clearly reveals a pair of dust 
lanes running parallel to the optical major axis of the host galaxy. In addition to the main lanes, filamentary 
dust structures, originated from the central starburst are also evident, {right panel) Dust extinction map in B 
band derived after comparing light distribution in the original and modelled image. Brighter shades in both 
the figures indicate regions associated with dust features. 

using the standard tasks available within the Chandra Interactive Analysis of ObservationJ^ 
(CIAO version 4.2.0) and CALDB (version 4.3.0) provided by the Chandra X-ray Centre 
(CXC). Periods of high background data were filtered out using 3a clipping of the 0.3- 
lO.OkeV light curve extracted from this chip in 200 s bins. After removing these periods 
of high background, the cleaned data have a net exposure time of 24.0 ks. The data were 
then filtered to contain counts in the energy range 0.3-8.0 keV and were also background 
subtracted using the appropriately scaled CXC background event data set. After generating 
an exposure map, the point sources present in the data were detected using the wavdetect 
tool available within the CIAO adopting a threshold significance of 1.8x10^®. A total of 12 
point sources were detected on the S3 chip, however, except the two nuclear sources no other 
point source was found within the optical D25 ellipse Ql- 



3. Results 

3.1. Dust properties 
3.1.1. Dust morphology 



Thoug! 



1 this galaxy is known to host a prominent dust lane along its optical major axis 



(Ql) 13 ! 3)' quantitative investigations on the extinction properties of dust contained in 
this galaxy are not available. In order to investigate extinction properties, accurate knowledge 
of the extent as well as morphology of dust in the target galaxy is required. For knowing the 



""^http:/ /cxc. harvard. edu/c 
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Figure 3: The average extinction curve derived for the dust occupied region within the NGC 1482 (sliown in 
solid line). For comparison, the Galactic curve is also drawn (dotted line) 







3kpc 


15" 



Figure 4: left panel Continuum subtracted Ha emission-line map derived for NGC 1482. This image clearly 
exhibit spatial correspondence of the emission-hue features with those seen in dust maps, right panel Adap- 
tively smoothed true colour image of NGC 1482. The image is produced by the mosaic of three X-ray band 
images, namely, the 0.3-1 keV (red), 1-2 keV (green) and 2-8 keV (blue) energy ranges. Notice the extension 
of diffuse component and the compactness of the nuclear hard component in this figure. 

spatial distribution of dust in NGC 1482 we have generated its {B — V, B — R,V — R) colour- 
index maps by comparing light distribution in the geometrically aligned, seeing matched 
images in different pass bands (see 



291 ] for details). One of such colour index (B — V) image 
is shown in Figure EJ^left-panel) , where brighter shade represent dust occupied regions. This 
figure clearly reveals a thick, prominent dust lane running along optical major axis of NGC 
1482. In addition to the main dust lane, a secondary dust lane, almost parallel to the former, 
is also evident in this colour-index map. A more careful look at this figure reveals several 
relatively fainter filamentary dust structures stretched along the minor axis of the NGC 1482 
and are analogous to those seen in the Ha emission Figure |D[|left panel) . 

The process of deriving the wavelength dependent nature of dust extinction (extinction 
curve) in this starburst galaxy NGC 1482 is briefly described here and we suggest the reader 



to refer 



for more details. To determine the extinction in different pass bands, one has 
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to compare the actual light distribution in the observed galaxy with that expected in the 
absence of dust. The method adopted here assumes that elliptical and lenticular galaxies 
have a smooth and symmetric light distribution with respect to their nuclei. Therefore, it is 
possible to derive dust free models of NGC 1482 by fitting ellipses to the light distribution 
within the image in different passbands. Any deviations seen in the global brightness profile 
can be recognised by comparing the light distribution in the actual and model images and 
can be attributed to the obscuration by dust. The quantum of extinction can be measured 
by computing how much light is missing in the suspected regions relative to the best fitted 
smooth profile. 

We have fitted ellipses to the isophotes of the galaxy images using the ellipse fitting 
program available in the stsdas. analysis. isophote package running within the IRAF image 
processing software and is based on the procedure outlined by [20]. The position angle, 
ellipticity, and centre of ellipses were free parameters during the fit, as long as the signal 
reaches the 3a level of the background. Before the model fit were executed, regions occupied 
by foreground stars were masked and ignored in the further analysis. The model image 
constructed using the best fit ellipses was then subtracted from the original image and its 
residual image was generated. Given the existence of dust features in the residual image, we 
reiterated the ellipse fitting procedure once again, now with the dusty regions masked and 
discarded from the fit. This resulted in to the dust free model of the original galaxy with 
smooth underlying stellar light distribution. 

3.1.2. Extinction curve 

To investigate quantitative properties of the dust extinction in NGC 1482, we constructed 
its extinction maps using the final dust free models generated above in the manner, 



where A\ is the amount of extinction in a particular pass bands (B, V, R & I) calculated in 
magnitude scale, while I\^obs and Ix^modei are the observed (attenuated) and unextinguished 
(dust free model) light intensities, respectively, in a given passband. One of such extinction 
maps derived for NGC 1482 in B band is shown in Figure [2|^right panel), where brighter 
shades represent regions of higher optical depths associated with the dust extinction. This 
figure confirms the dust morphology revealed in the {B — V) colour-index map including the 
filamentary features along the minor axis. 
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We have extracted numerical values of local extinctions in different pass bands (Ax) using 
the extinction maps derived above and then we fitted linear regressions between the local 
extinction values Ax and the selective extinction {As — Ay ) values. The best-fitting slopes 
of these regressions and their associated uncertainties were subsequently used to derive the 



values and hence the extinction curve. The average extinction curve derived 



Ab-Av 

for the dust occupied regions in the starburst galaxy NGC 1482 is shown in Figure [3] (solid 



line), along with the Galactic curve (dotted line) for comparison (taken from [34]). From this 
figure it is clear that the extinction curve derived for NGC 1482 is very similar to the Galactic 
curve with the Rv value equal to 3.05 it 0.01, little smaller than the Galactic value of 3.1, 

curve in Figure [3] 



imply that the grain size distribution within the dusty regions of the starburst galaxy NGC 
1482 is almost similar to that of our Galaxy. 

3.1.3. Dust mass estimation 

The total extinction values measured above are used to estimate mass of the dust hosted 

n 



by this galaxy following the method described by [13|], [13] and 29|]. this method assumes that 



the chemical composition of the dust grains is uniform throughout the galaxy and is similar 
to that of the canonical grains in the Milky Way. We use the Mathis, [3] two-component 
model consisting of spherical silicate and graphite grains with an adequate mixture of sizes, 
to measure the total dust content in this galaxy. The dust mass was estimated by integrating 
the dust column density over the dust occupied area (A), yielding: 

Md = A-y<.T,d = Axlfi>i / -ira^pd n{a)da 



rmn 



3 

where is the dust column density (g cm^^); pd is the specific grain density ('^ 3 g cm^^); 
Id is the length of the dust column along the line of sight; a is the grain size; n{a) = uq a~^'^; 
where no=Aj uh, represents the overall abundace of silicate & graphite (in 
cm^'^) & iiH is number density of H nuclei (in cm~^) jsj; and a^m & cimax represent 
the lower and upper cut-offs of the grain size distribution, respectively. Using the measured 
value of total extinction in V band {Ay), we estimate the dust mass for this galaxy to be 
equal to 2.7x10^ Mq. As the optical extinction assumes the screening effect of dust, and 
hence provides a lower limit to the true dust content of the host galaxy. This method is 
insensitive to the intermix component of dust and is not accounted for in the estimate. The 
uncertainties involved due to the lower and upper cutoffs in the grain size may also worsen 
this estimate. 
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The dust grains exposed to high radiation field from young, massive stars get heated and 
hence can re-radiate as a black body at longer wavelengths. Therefore, alternatively, the dust 
content in this galaxy was also be derived using the observed IRAS flux densities {F^) at 60 



/im and 100 ^m. and employing the equation 

4 2 
Mdust = -::aPdD 

where D luminosity distance of the galaxy in Mpc; Qi, and By{Td) are the grain emissivity 
'actor and the Planck function for the dust temperature (T^) at frequency i/, respectively 
18l ]. The dust grain temperature was calculated using the IRAS flux densities at 60 and 



100 /im and the single-colour equation = 49 K 42 1 and is found to be equal to 

44 K. This value is higher compared to dust grain temperature in elliptical galaxies but is 
consistent with the values reported for starburst galaxies ( ^ and {4 1 ) , and imply that dust in 
starburst galaxies is relatively "hot". The dust mass estimated from the IRAS flux density 
is ~ 1.2 X 10^ Mq and is higher than the estimate from optical extinction by a factor of 4.4. 
This discrepancy in the two estimates is due to the fact that out optical method is insensitive 
to the intermix component of dust, while IRAS can detected them. Therefore, estimate from 
IRAS flux densities represent true dust content of the target galaxy. Further, this galaxy 
is also detected at still longer wavelengths (up to 1300/im) [6], and hence may enhance this 
discrepancy if the cold dust hosted by this galaxy is taken in to account. 



0.4 



3.2. Morphology of "warm" gas 

Ha emission maps for NGC 1482 were already presented by 



411 ]. [3a]. However, to 



examine association of dust with the ionised gas, we have derived its Ha emission maps 
from our narrow band imaging analysis. To derive the pure emission map of NGC 1482, a 
PSF matched, properly scaled R band image was subtracted as a continuum from the H^ 
image, and is shown in Figure Ul^left panel). A casual inspection of this figure reveals a close 
association with the dust in the central region including the filamentary structures seen in 
the (B-V) colour map. Morphology of the ionised gas derived here is consistent with those 



reported by 



3.3. X-ray gas 

3.3.1. X-ray emission maps 

X-ray emission due to outfiows from SNe and stellar winds in this starburst galaxy were 
already reported in past studies ( 4l|, 38 1. An attempt is made to examine the association of 
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Figure 5: Diffuse X-ray emission maps in six different energy bands, tiie energy range is indicated at tlie top 
right of eacli panel. Tliis figure illustrates the evolution of different regions as a function of the energy band. 
It is apparent that the hard X-ray component is relatively compact and originates from the nuclear region 
only. 

multiphase ISM in this galaxy by comparing multiwavelength observations. For this pmpose 
we derive hot gas emission maps of NGC 1482. Figure [T] shows the 0.3-8 keV raw image of 
NGC 1482 at the full resolution (0."49/pixel) of the Chandra ACIS-S3. From this figure it 
is clear that the X-ray structure of NGC 1482 is complex and exhibit a bright nuclear region 
and very extended diffuse emission along its minor axis. Dark patch seen along the direction 
of dust lane indicate absorption of the soft X-ray photons. Figure \^right panel) displays 
a true colour image of NGC 1482 produced by mosaic of three different X-ray bands (red: 
0.3-1 keV, green: 1-2 keV and blue: 2-8 keV). These images in different bands were initially 
adaptively smoothed using the CIAO tool csniooth at 3a significance level. From this figure 
it is clear that the extended emission along the optical minor axis of NGC 1482 is mainly 
due to the 0.3-1.0 keV soft component, while the hard X-ray emission (2-8 keV) is compact 
and confined to the nuclear region only. The intermediate band X-ray emission (1-2 keV) are 
seen around the hard compact region. 

Figure [5] illustrates the evolution of the nuclear region of NGC 1482 as a function of 
energy range of X-ray photons in a more clear manner. From this figure it is evident that 
the hard X-ray emission ( 3 keV) is originating from the the compact nuclear region, while 
the soft emission with some bright clumps is found to originate from the diffuse component 
extended along optical minor axis of the host galaxy. As X-rays become harder, this extended 
component along northeast and southwest direction become fainter at the same time central 
region becomes brighter. This confirms the origin of the the hard component from the nuclear 
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Figure 6: (left panel) Fitted spectrum of the diffuse X-ray emission extracted from elliptical annulus covering 
the entire outflow region in NGC f482. This was fitted with an absorbed vmekal+powerlaw model, [mtddle 
panel) and [right panel) Fitted spectra of the X-ray emission from central fO" region including both sources 
and excluding them, respectively. These spectra were fitted with an absorbed mekal + power law model. 
Emission lines due to metals are evident in all the spectra. 



Figure 7: 3-8 keV X-ray emission map revealing a pair of point-like sources separated by 3. "5 

region. The hardest component in the energy range of 6.0 - 8.0 keV is coming only from the 
brightest of the nuclear point source (Reg2 in Figure [7]). 

3.3.2. Spectral analysis 

With the available sub arcsecond resolution of Chandra telescope, apart from the global 
properties, it is also possible to investigate the spatially resolved properties of X-ray emission 
from this galaxy. This will enable us to constrain on the various processes involved in the 
X-ray emission and also to disentangle contribution of hard components. For the analysis of 
events in the 0.3-8.0 keV range, the XSPEC (v 12.6) spectral-fitting package was used. To 
ensure applicability of the statistic, spectra were binned as to obtain at least 20 counts 
per fitting bin before background subtraction. To check consistency of the fitting parameters, 
for the nuclear sources resulting in fewer than 5 degrees of freedom, unbinned spectra were 
fitted using C-statistic. 

To examine the global properties of hot gas in the target galaxy, we have extracted a 
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point source and background subtracted spectrum of the diffuse emission within the elhpti- 
cal annulus covering the entire halo part of NGC 1482 and the resulting spectrum is shown 
in Figure [G^left panel). For background subtraction we have used properly scaled blank- 
sky files provided by the CXC. Although there is a strong evidence for spatial variations in 
temperature (Figure 3b & 4), we found that a single thermal model adequately represents 
the target galaxy's flux averaged properties. This spectrum was fitted using the standard 
statistic from XSPEC, with an absorbed single temperature component plus power law 
(wabsG'ai(wabs(VMEKAL-|-Power law))). The absorbing column density was considered to 
be of two components, one due to the ISM within the Milky Way (Galactic column density, 
Nh = 3.7 X lO^o cm-2, Q) and the other due to the ISM of NGC 1482. This analysis re- 
sulted in to an absorption corrected fiux of 4.2515 44 ^ 10~^^ erg cm^^ s^^, which corresponds 
to the total X-ray luminosity, in the 0.3-8.0 keV band, of 3.831?;^^ x 10"^° erg s'^ The fitted 
column density for NGC 1482 was found to be 6.57ib 1.10 x 10^'^ cm^^, with the thermal com- 
ponent having temperature equal to 0.61 ±0.03 keV and a fitted abundance of 0=1. 23± 0.25, 
Ne=0.62±0.32, Mg=1.42± 0.39, Si=1.44± 0.61, S=3.72± 1.93 and Fe=0.41±0.03 all relative 
to Zq, other abundances were frozen at solar values. The power law component had a fitted 
photon index of F = 1.24 it 0.14. The errors shown here are based on the 90% confidence 



level. These estimates are in agreement with those reported by 

From Figure [5] & [7] it is obvious that the 3-8 keV hard X-ray emission is mainly concen- 
trated in the central compact region. Therefore, to study the properties and contribution 
of nuclear sources we have extracted the 0.3-8 keV spectrum of the total X-ray emission (re- 
solved plus unresolved) from the inner 10"circular region and is shown in Figure [6]^ middle 
panel). The spectrum is complex and reveals an absorbed power-law at energies above 3keV. 
This model was fitted using an absorbed, single temperature mekal plus power-law model. 
The neutral hydrogen column density is high and is found to be nu = 1.50 ± 0.16 x 10^^ 
cm~^, and the photon index is F = 1.17 it 0.07. The absorption corrected X-ray luminosity is 
Lx = 4.561 

lie ^ ^^^^ s ^. We have also extracted spectrum of the unresolved emission 
from within the inner 10"circle, excluding both the resolved sources, and was fitted with 
an absorbed, single temperature MEKAL plus power-law model Figure [HJright panel). This 
resulted into the luminosity ~ 2.5ll'j''27 ^ ^^^^ ^rg s~^, and contribute ~ 45% of the X-ray 
emission from this region. 
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Figure 8: Temperature Profile of the X-ray emitting gas extracted from the elliptical annuli centred on NGC 
1482. This profile reveals a gradient in the temperature of plasma along the outflow. 




Figure 9: (a) (B-V) colour index image derived for NGC 1482, overlaid on which are the Ha emission line 
contours. This figure reveals spatial correspondence between the two components, (b) (B-V) colour index 
image, overlaid on which are the smoothed X-ray contours, (c) X-ray emission map derived after Scr smoothing 
of X-ray emission, overlaid on it are the Ha emission line contours. All the three figures exhibit morphological 
similarities in the three different phases of ISM. 
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Figure 10: Surface brightness profile in X-ray and Ha region; blue points shows the Ha and red shows the 
X-ray 

3.3.3. Point source spectra 

The true-colour X-ray image Figure [Upright panel) and the Figure [7] clearly show two 
bright nuclear sources. We investigated their spectral properties by extracting X-ray photons 
from individual sources. For this analysis, background spectrum was extracted from the local 
region. The spectrum of Reg 1 is well fitted (C-stat 10.70/12d.o.f.) by a power law model, 
with photon index F = 1.21 it 0.22. The implied luminosity is Lx = 2.27 x 10'^^ erg s^^, and 
is slightly higher than the Eddington luminosity of a 1.5 Mq accreting compact object. 

The source and background spectra for Reg 2 were also extracted in the similar way. 
A simple absorbed power-law model provides a good fit (C-stat 12.51/lld.o.f.), with total 
column density nn = 3.54 x 10^^ cm~^ and power-law photon index F = 1.67 it 0.11. The 
deduced X-ray luminosity is Lx = 9.34 x 10'^^ erg s~^, and is higher than Eddington limit. 
The spectral fit to the Reg 2 suggest that it lies behind a high column density, and is relatively 
softer than Reg 1. 

It is known that the amount of visual extinction along a typical line of sight through the 
ISM is strongly correlated with the total column density of hydrogen [l|. Hence we estimated 
the neutral hydrogen column density using the observed values of colour-excess (E(B-V)) over 
the extinguished areas through the optical imagery using the relation nn = 5.8x10^^ E{B—V) 
atoms cm~^ . In the present analysis the measured value of optical colour-excess lead to 
the estimation of nu ~ 4 x 10^^ atoms cm~'^ and is lower than the derived value from spectral 
analysis. Our estimates of nn from colour excess matches well with those reported by [3] 
from the radio observations. 
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Figure 11: Tri-colour image of NGC 1482 



4. Discussion 

From the X-ray analysis it is apparent tliat the target galaxy NGC 1482 is embedded in 
hot (~ 10'' K) X-ray emitting gas. The dust grains present in such exotic environment are 
constantly bombarded by high energetic charged particles, that result in erosion or sputtering 
of the grains. Further, the elevated shocks due to supernovae and stellar winds in the starburst 
region can also cause for destruction of larger size grains. As a result, dust grains must 
be undergoing modulation of their sizes and hence one expect relatively smaller grains in 



starburst galaxies 



22], where they found that crystallinity 



2?!. This was also confirmed by 
of the silicate grains is not possible if the effect of supernovae and stellar winds on grain 
destruction are taken in to account. Given the smaller grains, extinction curve obeyed by 



them should be gray of flatter than the Milky Way [3]. However, the average extinction 
curve derived for this starburst galaxy NGC 1482 using multi-band imaging observations in 
the optical regime is unexpectedly identical to the Galactic curve (Figure [3]), with Rv=3.05. 
This in turn imply that the dust grains responsible for the extinction of starlight in the 
extreme environment of NGC 1482 are not really different than the canonical grains in the 
Milky Way. 

For majority of the starburst galaxies, an association between the kpc-scale dust outflows 
and concentrations of recent star formation within their central disk has been observed ([36| 



and the references therein). Additionally, the hot gas pushed out by the massive stars and 
supernovae in the form of stellar winds is also found to correlate spatially with these two 
components. An attempt is made to investigate similar association in the target galaxy by 
examining morphologies of these components. Figure [2]^right panel) shows the (B-V) colour- 
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index map derived for this galaxy, superimposed upon which are the Ha emission contours. 
This figure reveals an obvious correspondence between the prominent dust lane as well as 
the extraplanar dust filamentary complexes and that of Ha emission. The emission-line gas 
appears to be considerably more diffuse than that of the extra planar dust and tends to 
occupy a far greater filling factor above the disk. However, we recognise that our optical 
extinction method is insensitive to the diffuse component of dust residing above the disk, 
we also checked the association between the dust and the hot gas distribution, by overlaying 
diffuse the X-ray emission contours on the (B-V) colour-index map of NGC 1482 (Figure[9)[|b)). 
From this figure it is clear that, though the two components are correlating in the nuclear 
region, the X-ray emission originating from the SNe and stellar winds have more diffuse and 
extended distribution. Similar inferences were also derived by past study on this starburst 
galaxy ( 3^ , [3] ) • Figure [11] represents a tri-colour image derived from the contributions 
of optical R-band image. Ha emission and X-ray emission, and indicate towards a similar 
association of the three phases of ISM. 

To examine the spatial correspondence between the X-ray emitting gas and the warm 
ionised gas in a more quantitative manner, we derive the azimuthally averaged radial surface 
brightness profile for the X-ray emission and compare it with that from the Ha emission. For 
this purpose circular annuli of width 3" starting from centre of the NGC 1482 out to a radius 
of 75"were created and 0.3-2 keV X-ray photons were extracted from each of the annulus. The 
azimuthally averaged radial surface brightness profile derived for the diffuse X-ray emission 
from NGC 1482 is shown in Figure [10] (red data points). We also plot the radial surface 
brightness profile for the Ha emission from this galaxy (blue colour points). Comparison of 
the two profiles imply an obvious similarity between the morphologies of two components. 
Deviation seen in the X-ray profile in the range between 20-35" are heavily absorbed by the 
dust grains seen in the optical imagery of NGC 1482. 

The issue of origin of dust in starburst galaxies is highly controversial. The internal 
origin assume main contribution from the atmospheres of asymptotic giant branch (AGB) 
stars. However, AGB stars are too old to account for the presence of dust during the starburst 
phase of a given galaxy. Therefore, supernovae (SNe) have been recognised as a potential 
candidate for the injection of dust and gas to the ISM of starburst galaxies, where they can 
supply 0.1 to 1 MqoI dust 



10|. The dust injected in to the ISM at the same time is 
processed by the forward and reverse shocks in the hot gas swept up by SNe and hence may 
get destroyed ( 26(]). With the observed SNe rate in starburst galaxies and considering the 
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two competitive processes of formation and simultaneous destruction of the dust grains, we 
can estimate total content of dust accumulated by the galaxy over its life time by solving the 
equation, 

dt - —dF- - ^^^d[t) , 

where ^^qI^^^ is the dust accumulation rate; (— is the rate of dust injection by the SNe and 
stellar winds; M(i{t) is the available dust at a given time t; and r^"*^ is the rate of dust grain 
destruction. Using the measured IR luminosity and the relation given in [29], we estimate 
the SNe rate for this galaxy to be equal to 0.14 yr^^. Assuming that the dust injection has 
started ~ IQ^yr, and are simultaneously destroyed at ~ 6.0 x 10^^ yr^"^ |9], we estimate total 
dust content of this galaxy ~ 1.1 x 10^ Mq. Comparison of this estimate with the true dust 
content of this galaxy indicate that the injected amount of dust is shorter by an order of 
magnitude than the actual content. This discrepancy may enhance if we include estimate 
from the observations at the sub mm wavelength j^l. Thus, the internal supply of dust is 
not sufficient to account for the observed dust, and in turn indicate that at least a part of it 
might have acquired by the host galaxy through a merger like event. 

With the given SNe rate, we can examine whether the kinetic energy supplied by the 
SNe is adequate to drive the observed superwind outflow. Assuming that SNe are supplying 
energy at the rate Esn (~ 10^^ erg), we estimate the total energy injected by the supernova 
(Lkin) over the dynamical age of the bubbles (~ 7.5 x 10^ yr) using L^in = Esn x Rsn- This 
gives a total energy supply of ~ 10^^ erg and is consistent with that derived by kll and Q. 

231, the net 



If we assume that only 10 per cent of it is effectively transmitted to the ISM 
available energy is 10^^ erg. This estimate is higher than the observed energy in the form 
of X-ray emission {Lx ~ 5.7 x lO^'' erg s""*^). 

Starburst in the central region of NGC 1482 are known to drive several kiloparsec large 
outflows supplying metal rich gas to the ISM 36(; 35(. Therefore, to examine the physical 



properties of this ejecta, we have performed spatially resolved spectral analysis of 0.3-2 keV 
X-ray photons extracted from the elliptical annuli centred on NGC 1482. Spectra extracted 
from each of the annular region were fitted with the VMEKAL model. Profile showing 
variation in temperature of the plasma as a function of distance along the outfiow is shown 
in Figure [8] and indicate gradient in it. This gradient seen in the temperature measurement 
was also accompanied by the gradient in metallicity value, like those seen in other starburst 
galaxies. However, these results are not in agreement with those derived by js^, where they 
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find increase in the metallicity along the outflow.. The lower value of metallicity in the outer 
region imply that the diffuse hot gas halo is not yet chemically enriched by the superwinds 
121- 

5. Conclusions 

The main conclusions derived from this study are: 

• (B-V) colour-index map derived for the starburst galaxy NGC 1482 confirms two promi- 
nent dust lanes running along its optical major axis and are found to extend up to ~ 
11 kpc. In addition to the main lanes, several filamentary structures of dust originating 
from the central starburst are also evident. Though, the dust is surrounded by exotic 
environment, the average extinction curve derived for this target galaxy is compatible 
with the Galactic curve, with Ry=3.05, and imply that the dust grains responsible for 
the optical extinction in the target galaxy are not really different than the canonical 
grains in the Milky Way. Our estimate of total dust content of NGC 1482 assuming 
screening effect of dust is ~ 2.7 x 10^ Mq, and provide lower limit due to the fact that 
our method is not sensitive to the intermix component of dust. 

• Adopting present SNe rate for NGC 1482, we quantify total amount of dust supplied by 
the SNe to the ISM, and was compared with the true dust content of this galaxy from 
IRAS flux measurements. From this it is observed that the supplied dust is shorter 
than that actual contained within this starburst galaxy, and hence imply that at least 
a part of it is acquired by the host galaxy through a merger like event. 

• Our multiband imaging analysis reveals a qualitative physical correspondence between 
the morphologies of the Ha and diffuse X-ray emission was noticed. Similar association 
is also evident in the kpc-scale dust outflow and its counterparts in the emission line 
and hot gas. 

• With the known SNe rate for this starburst galaxy, we estimate the amount of kinetic 
energy supplied by the SNe to the ISM and is found to exceed energy available with 
the hot gas. 

• Spatially resolved spectral analysis of the hot gas along outflows exhibit a gradient in 
the temperature. Similar gradient was also noticed in the measured values of metallicity, 
indicating that the gas in the halo is not yet enriched. 
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• High resolution, 2-8 keV Chandra image reveals a pair of point sources in the nuclear 
region. Absorbed power-law fit to one them gives the hydrogen column density and is 
higher compared to that estimated from the optical colour excess measurement. The 
dust mass estimated from the observed X-ray luminosity of this galaxy is in agreement 
with that estimated from IRAS flux measurements. 
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